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A B S T R A C T 
 
Objective: To (1) evaluate and compare computer assisted surgery (CAS) with conventional 
screw insertion (conventional osteosynthesis [COS]) for treatment of equine abaxial distal 
phalanx fractures; (2) compare planned screw position with actual postoperative position; and 
(3) determine the preferred screw direction.  
 
Study design: Experimental study. 
 
Sample population: Cadaveric equine limbs (n = 32). 
 
Methods: In 8 specimens each, a 4.5mm cortex bone screw was inserted in lag fashion in 
dorsopalmar (plantar) direction using CAS and COS. In 2 other groups of 8, the screws were 
inserted in opposite direction. Precision of CAS was determined by comparison of planned 
and actual screw position. Preferred screw direction was also assessed for CAS and COS. 
 
Results:  In 4 of 6 direct comparisons, screw positioning was significantly better with CAS. 
Results of precision analysis for screw position were similar to studies published in human 
medicine. None of evaluated criteria identified a preferred direction of screw insertion. 
 
Conclusion: For abaxial fractures of the distal phalanx, superior precision in screw position is 
achieved with CAS technique compared with COS technique. 
 
Clinical Relevance: Abaxial fractures of the distal phalanx lend themselves to computer 
assisted implantation of 1 screw in dorsopalmar (plantar) direction. Because of the complex 
anatomic relationships, and our results, we discourage use of COS technique for repair of this 
fracture type.  
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Objective—To (1) evaluate and compare computer-assisted surgery (CAS) with conventional screw
insertion (conventional osteosynthesis [COS]) for treatment of equine abaxial distal phalanx frac-
tures; (2) compare planned screw position with actual postoperative position; and (3) determine
preferred screw insertion direction.
Study design—Experimental study.
Sample population—Cadaveric equine limbs (n¼ 32).
Methods—In 8 specimens each, a 4.5mm cortex bone screw was inserted in lag fashion in do-
rsopalmar (plantar) direction using CAS or COS. In 2 other groups of 8, the screws were inserted in
opposite direction. Precision of CAS was determined by comparison of planned and actual screw
position. Preferred screw direction was also assessed for CAS and COS.
Results—In 4 of 6 direct comparisons, screw positioning was signiﬁcantly better with CAS. Results
of precision analysis for screw position were similar to studies published in human medicine. None
of evaluated criteria identiﬁed a preferred direction for screw insertion.
Conclusion—For abaxial fractures of the distal phalanx, superior precision in screw position is
achieved with CAS technique compared with COS technique.
Clinical Relevance—Abaxial fractures of the distal phalanx lend themselves to computer-assisted
implantation of 1 screw in a dorsopalmar (plantar) direction. Because of the complex anatomic
relationships, and our results, we discourage use of COS technique for repair of this fracture type.
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INTRODUCTION
ABAXIAL FRACTURES represent the most fre-quent type of equine distal phalanx fracture.1–5 Be-
tween 1992 and 2003, 44% of distal phalanx fractures in
111 horses admitted to our hospital were abaxial in con-
ﬁguration.
Most abaxial distal phalangeal fractures have an
intraarticular component, which promotes development
of degenerative joint disease because of step formation
and continuous motion during weight bearing.6–9
The abaxial position of the fragment, the size discrep-
ancy between the parent bone and fragment, and lateral
expansion of the hoof during loading may lead to
increased fragment motion compared with axial
fractures, expediting the development of degenerative
joint disease. These fractures heal poorly often as a ﬁb-
rocartilaginous nonunion,8,9 which contributes to pro-
longed convalescence. Synovial ﬂuid movement during
loading may further delay healing.5
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In mature horses ( 3 years) conservative manage-
ment, which typically includes stall conﬁnement and
use of a full-bar shoe with quarter clips, rarely results in
satisfactory healing.10,11 Thus, anatomic reduction and
internal ﬁxation of articular fractures of the distal pha-
lanx using interfragmentary cortex screws inserted in lag
fashion across the fracture to induce bony union is the
preferred method of treatment.3,4,6–16 Compared with the
axial fractures3,4,7–11,13–16 there are relatively few reports
of screw ﬁxation of abaxial fractures,6,10–12,14,16 high-
lighting the difﬁculty associated with repair of this frac-
ture conﬁguration.8,9,17
Determination of the exact location of the fracture
plane is difﬁcult with conventional imaging techniques.
This makes it difﬁcult to achieve perpendicular orienta-
tion of screws relative to the fracture plane. Other factors
that make repair difﬁcult are the poor visibility of the
3-dimensional (3D) orientation of the fracture plane,16
the conﬁguration and relatively small size of the palmar/
plantar eminence fragment, and the risk that the bone
provides inadequate resistance to compressive forces ex-
erted by the screw head during tightening.9,10,16 Addi-
tionally, the screw should be implanted midway between
the solar surface of the distal phalanx and the joint and
avoid penetration of the semilunar canal.8
Precise deﬁnition of the necessary screw length is
almost impossible because of the dome-shape of the distal
phalanx and the superimposition resulting from project-
ing a 3D object onto a 2D plane.18 Screw length can only
be determined through exact tangential radiographic or
ﬂuoroscopic views of the exit point of the screw.16
Other hazards associated with this type of surgery are
difﬁculties in exactly localizing the screw hole and in
applying enough compression when tightening the screw.
This can lead to displacement of the fragment and intra-
articular gap formation as well as increase the risk of
infection because of the approach through the heavily
contaminated hoof wall.3,6,7,19 Postoperatively, osteolytic
changes are consistently encountered around the im-
plants.16 Such changes could be caused by implant
loosening within the cancellous bone structure of the
distal phalanx secondary to movement associated with
normal loading and unloading the foot. Motion at the
fracture line could also increase the risk of infection.
More commonly, osteolytic changes reﬂect infection,
which inevitably results in screw removal after 90–120
days.3,7,9,14,16,19 For these reasons, surgical manage-
ment of abaxial fractures of the distal phalanx is rarely
attempted.
The development of computer-assisted surgery (CAS)
in human surgery has opened new horizons in veterinary
orthopedic surgery. Given the problems associated with
conventional surgical repair of abaxial fractures of the
distal phalanx we were interested in application of CAS
to improve the precision of fracture repair. Thus, our
aims were: (1) to evaluate CAS as a potentially superior
surgical technique compared with conventional osteosyn-
thesis (COS) repair for treatment of abaxial distal pha-
lanx fractures; (2) to compare planned screw position
with actual postoperative position; and (3) to determine
the preferred direction of screw insertion for optimal
fracture reduction and compression.
MATERIALS AND METHODS
Cadaveric horse limbs free of distal interphalangeal and
distal phalangeal disease (determined by clinical examination)
were used. Limbs were disarticulated at the carpometacarpal
and tarsometatarsal joints, respectively. Paired forelimbs
and hind limbs were randomly assigned to either CAS or
COS groups, each consisting of 16 limbs (8 pairs). Sixteen
sheets containing data on assignment to group (COS or CAS)
and location of the fracture (lateral, medial), ensuring
equal numbers of left and right limbs and lateral and medial
fractures assigned to each group, were prepared before
starting the study, placed in unmarked envelopes and sealed.
As a new pair of limbs was selected, an envelope was
opened and the instructions on the sheet were followed.
Abaxial fractures of the distal phalanx were created using
a chisel placed 2 cm lateral or medial to the extensor process
at the coronary band (Fig 1). Fracture outcome was veriﬁed
by ﬂuoroscopy. For CAS and COS, 8 limbs in each group
were treated with a single 4.5mm cortex screw inserted
in dorsopalmar or dorsoplantar direction and the other
8 limbs had the screw inserted in a palmaro- or plantaro-
dorsal direction.
Basic Surgical Technique
The hoof capsule was opened with a 10-mm-diameter drill
bit. Screw insertion in lag fashion was performed using stan-
dard technique.20 The screw hole was prepared very carefully
to prevent displacement of the fragment during screw tight-
ening and to avoid subsequent loss of anatomic reduction and
associated step formation in the joint. Good interfragmentary
compression had to be achieved. We reﬁned the technique
by use of a torque-indicating screwdriver for ﬁnal manual
screw tightening to determine the maximum torque applied to
the screw.
CAS
A detailed description of CAS technique has been report-
ed.18 The navigation system is an active type, meaning that all
instruments communicate with the system through light-emit-
ting diodes (LEDs). The camera registers the LED-signals and
projects them onto the monitor. The Dynamic Reference Base
(DRB), which is attached to the bone to be operated on, con-
tains identical LEDs and therefore allows data acquired
through the SIREMOBIL Iso-C3d to be combined with the
actual anatomy of the patient through a registration-free
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navigation technique. The DRB represents the basis for the
3D coordinate system in which preoperative planning occurs.
After the limb was solidly ﬁxed in lateral position onto a base
consisting of carbon, the DRB was attached to the distal rim
of the hoof capsule with a Schanz’ screw to which the DRB
was ﬁxed and solidly tightened (Fig 2).
The data acquisition by the SIREMOBIL Iso-C3d was
monitored from an adjacent room. A total of 100 radio-
graphic images of the distal phalanx were taken over an arc of
1901 within a 2-minute period. The image intensiﬁer subse-
quently processed all the images and assembled the data onto
a cube having dimensions of 12.5  12.5  12.5 cm.
The ‘‘syngo-calculator’’ of the image intensiﬁer separated
256 single images from this cube and represented them
in 3, 2D picture series, which were oriented perpendicular
relative to each other. These data were then exported to the
navigation system. All necessary instruments were also
equipped with LEDs to allow their recognition by the
navigation camera. With the help of the awl, the correct
identiﬁcation of any selected point on the hoof capsule was
veriﬁed.
The orientation and desired location of the screw was
marked on the computer screen using a mouse. Care was
taken to ensure that the position was correctly displayed in 3
orthogonal planes (frontal-, parasagittal-, and cross-sectional
planes) and then the data were saved and screw length cal-
culated by the computer (Fig 3). Next, guidance navigation
was applied to guide the drills and corresponding drill bits to
prepare the required holes in the selected location and direc-
tion. Three circles representing the selected entry point on the
hoof wall, the tip of the drill bit, and the LED mounted on the
drill were visible on the screen. The surgeon subsequently ori-
ented the drill so that the 3 circles were concentrically over-
lapping each other in all directions. Drilling was initiated
under constant observation on the monitor to verify the con-
centric orientation of the 3 circles. A separate image on the
navigation screen depicted the penetration of the drill bit into
the hoof capsule and distal phalanx, respectively (Fig 4).
Crossing of the artiﬁcially created fracture line and bone exit
were easily recognized.
Once the screw was inserted and tightened, imaging data
acquisition with the SIREMOBIL Iso-C3d was performed to
verify screw position within the bone. These data were trans-
ferred to the navigation system. To assess accuracy of screw
insertion relative to the preplanned position, it was necessary
Fig 1. Left side: Preparation of an abaxial phalanx fracture in a cadaveric specimen using scalpel (a), mallet (b), and chisel (c).
Right side: 601 dorsoproximal–palmarodistal oblique radiographic view of an abaxial fracture prepared as shown above. Note the
small abaxial fragment and the associated smaller dispersed fragments.
Fig 2. Overview of the surgical suite before taking the ﬁrst
data acquisition with the Siremobil Iso C3d. Note the limb ﬁxed
in laterolateral position on a carbon base support on the sur-
gery table between the C-arm of the Siremobil Iso C3d. Black
arrow: Dynamic Reference Base (DRB) with mounted LEDs
applied to the distal rim of the hoof capsule with a Schanz
screw. LED, light-emitting diode.
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to superimpose the 2 coordinate systems and determine any
aberration. This technique was used in each of the 8 limbs for
both screw insertion directions.
COS
The COS technique was performed as described by Fackel-
man.16 The SIREMOBIL Iso-C3d was applied in 2D mode
to identify the entry portal of the hoof wall and crossing of the
fracture line. We modiﬁed the technique to ensure that
implant placement was perpendicular to the fracture plane.
To facilitate a perpendicular drilling direction relative to the
fracture line, the image intensiﬁer was positioned so that
its laser identiﬁcation lines were superimposed over the frac-
ture line. The drill was then aimed perpendicular to the plane
formed by the imaginary X-ray beam. Avoiding the semilunar
canal with the drill could not be guaranteed because
this structure is not visible during surgery. The length of the
drill hole was determined by measuring the part of the drill bit
inserted into the hoof and subtracting the thickness of the
hoof wall. Because of countersinking, an additional 3mm was
deducted from the measurement to derive at the required
screw length.
Deﬁnition of Desired Screw Position
In both groups, 4.5mm cortex screws were to be inserted
perpendicular to the artiﬁcially created fracture plane. Screws
were to be located midway between the sole of the distal
phalanx and the joint without penetrating the semilunar
canal to avoid potential injury to the artery. Furthermore,
the screw tips were not to protrude42mm beyond the bone.
Although screws of incorrect length would be replaced in
clinical practice, for the purpose of this study for both CAS
Fig 3. Screenshot of a planning session with computer-assisted surgery (CAS). The preplanned screw position is reﬂected by a red
bar, the radiographic projections are: axial (top left), sagittal (top right), and the perpendicular plane of the distal phalanx at the
level of the planned screw entry point (bottom). Screw size has to be selected by the surgeon before starting the planning session, the
assumed length of the planned drill hole is evaluated by the CAS at the left side of the screen under trajectory set.
35ROSSOL ET AL
and COS techniques, screws were inserted as planned
and corrections were not permitted after ﬂuoroscopic evalu-
ation so that the initial accuracy of both techniques could be
assessed.
Postoperative Evaluation of the Distal Phalanx
After implantation, the distal phalanges were exungulated,
using the technique of Ossent and Lischer.21 Screw entry and
exit points were examined and screw protrusion beyond either
surface measured. Any damage caused by the screw (e.g. exit
through the solar surface or joint, etc.) was recorded. The
distal phalanx was photographed from multiple directions
before screw removal. To evaluate potential penetration of
the semilunar canal, the bone was separated at the solar for-
amen on the fracture side using a saw. Photographs of
the exungulated distal phalanges were shown for clinical as-
sessment to an experienced surgeon unaware of specimen
grouping.
Data Analysis
Quality of Screw Positioning in Relation to Predetermined
Parameters. Differences between groups for damage to the
articular surface, violation of the semilunar canal, protrusion
of screw tip, maximum torque applied to the screw, and ab-
erration of clinical variables were analyzed using Fisher’s
exact test.
Maximal Precision of Screw Positioning Using CAS. The
automatically stored coordinates of the entry and exit points
determined during preoperative planning were superimposed
over the coordinates of the screw axis to allow comparison of
axial and angulation differences.
Preferred Screw Direction. Results of the summarized
clinical analysis of screw positioning and of torque measure-
ments were compared for different screw insertion directions.
Data were compared separately for CAS and COS. Torque
measurements were evaluated by Student’s t-test. Statistical
signiﬁcance was set at Po.05.
RESULTS
Quality of Screw Positioning in Relation to Predetermined
Parameters (Table 1, Fig 5)
A signiﬁcant difference between CAS and COS was
identiﬁed for involvement of the semilunar canal
(Po.001), screw tip protrusion (P¼ .03), torque
(Po.001) and clinical assessment of screw position
(Po.001). There was no signiﬁcant difference between
CAS and COS for involvement of the articular (P¼ .17)
and solar surfaces (P¼ .05).
Fig 4. Navigation with CAS. Left side: Screen shot of a guidance procedure showing the virtual part of the procedure. A green
beam depicts the projected direction of the drill bit preparing the glide hole across the parent portion of the bone along the
preplanned screw direction. The fourth graphic (bottom right quadrant) depicts the entry point as a red circle, the tip of the drill bit
as a green circle, and the Projection of the LED applied to drill as a yellow circle. Note the 3 circles are oriented concentrically,
meaning that drilling is conducted along the center of the preplanned location. Right side: real navigated surgery in the operating
room at the same time. The surgeon opens the hoof capsule by navigated drilling. Black arrow, Dynamic Reference Base (DRB),
applied to the distal rim of the hoof capsule with the help of a Schanz screw; Red arrow, LED mounted on the drilling machine;
CAS, computer-assisted surgery; LED, light-emitting diode.
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Maximal Precision of Screw Positioning Using CAS
(Table 2)
Because of a recording error, 4 limbs could not be
included in the comparison. From the remaining data, a
mean discrepancy of angulation angle of 1.31 (range, 0.4–
2.21) was calculated. Mean difference in screw entry point
was 3.1mm (range, 0.9–4.6mm) whereas screw exit point
had a mean difference of 3.1mm (range, 0.4–5.6mm).
Mean percentage sharing of bone volume between
planned and actual screw insertion was 26.9% (range,
0–67.1%).
Preferred Screw Direction (Table 3)
We were unable to determine a preferred screw inser-
tion direction.
DISCUSSION
Quality of Screw Positioning in Relation to Predetermined
Parameters
In an earlier study of induced axial fractures of the
distal phalanx repaired by COS and CAS techniques, ar-
ticular damage occurred in 2 limbs in the COS group
and none treated by CAS.18 Although statistically not
signiﬁcantly different, likely because of small sample size,
involvement of the articular surface occurred more com-
monly with the COS technique (5 instances; Table 1) than
with CAS (1 instance). The higher frequency of articular
involvement with abaxial fracture repair likely reﬂects a
more complex screw orientation, a smaller margin for
insertion error because of much smaller fragment size,
and more difﬁcult translation of complex spatial relations
into clinical manipulations. Collectively, these reasons
and others have contributed to reluctance to surgically
repair abaxial fractures of the distal phalanx.
Penetration of the solar surface occurred in 4 limbs in
the COS group compared with none in the CAS group
(Table 1); however, the difference was not statistically
signiﬁcant. Avoiding penetration of the semilunar canal
was one of our study objectives because it required in-
creased precision of screw insertion. Clinically, the vessels
within the semilunar canal are most likely injured at time
of fracture, so avoiding penetration of the semilunar ca-
nal may be of lesser clinical importance. Although, we
avoided penetration of the semilunar canal with CAS,
there were 9 instances of damage with the COS technique.
This outcome was anticipated because it was not possible
to localize the semilunar canal without a sophisticated
guidance system.
Protrusion of screw tip was considered poor for 4
screws inserted by CAS and for 10 screws inserted by
COS (Table 1, Fig 5). Screws were not replaced as would
occur in clinical practice, because we were interested in
establishing the accuracy of screw length determination
on ﬁrst attempt by both methods. In an earlier study of
axial fractures, screw replacement to simulate clinical
practice, was allowed before measurement of screw pro-
trusion, which resulted in less difference between tech-
niques18 compared with the current study.
One of the screws barely penetrated the bone and was
located mainly within the hoof wall, which clearly dem-
onstrated the difﬁculties encountered in screw placement
with COS. Postoperative use of SIREMOBIL Iso-C3d
data acquisition assists in evaluation of screw length be-
cause tangential views can be easily assessed on the mon-
itor.22–25 Conventional ﬂuoroscopy is more time-
consuming. Screws penetrating the sensitive laminae
and hoof wall are irritating and cause lameness, resolu-
tion of which typically requires screw removal.4,5,7,9,14 In
human surgery, CAS screw implantation is mainly used
in the spine. Various studies comparing CAS and COS
clearly show better results with CAS.22,26–32 Most screw
placement errors were in screw length rather than orien-
tation. Such mistakes occurred also with CAS but were
attributed to poor veriﬁcation of the match between the
digital database and real time navigation, which has to be
veriﬁed before onset of the surgical procedure27,28,33,34;
however, there are also reports of no or only minimal
differences between CAS and COS.34,35
Table 1. Comparison of CAS and COS with Respect to Screw
Positioning
Variable
Evaluated Data CAS COS Test
P-
value
Articular
surface
None 15 11 Fisher’s
exact
.17
Yes 1 5
Solar surface None 16 12 Fisher’s
exact
.05
Yes 0 4
Semilunar
canal
None 16 7 Fisher’s
exact
o.001
Yes 0 9
Screw tip
protrusion
o2mm 12 5 Fisher’s
exact
.03
42mm 4 10
Torque Mean 28.75 ckp 7.47 ckp Student
t-test
o.001
Clinical
analysis of
screw
position
None to
minimal
12 0 Fisher’s
exact
o.001
All other
aberrations
4 16
Limb 15 (COS) could not be used for the evaluation because it was
for most of its length located within the hoof capsule and not in the distal
phalanx.
CAS, computer-assisted surgery; COS, conventional osteosynthesis.
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A high torque level is an indication of a strong inter-
fragmentary compression, which contributes to faster
fracture healing.36,37 In our study, the achievable torque
value was proportional to the thread hole length because
all other variables related to torque were constant. With
CAS it was possible to select a screw position with max-
imum thread-hole length in relation to the fragment size,
thus contributing to signiﬁcantly higher torque levels.
More than two-thirds of the limbs in the COS group
had major errors which reinforces the clinical practice of
conservative management of abaxial fractures of the dis-
tal phalanx. Use of CAS substantially improved precision
of screw placement and minimized surgical error com-
pared with COS (Fig 5). Solid fracture ﬁxation and in-
terfragmentary compression leads to faster and more
complete bone healing. Our in vitro study clearly dem-
onstrates the superiority of CAS over COS for surgical
repair of abaxial fractures of the distal phalanx in horses.
Given the high error rate with COS, it would seem that if
CAS is not available, conservative treatment including
stall conﬁnement and corrective shoeing should be the
preferred method of treatment.
Maximal Precision of Screw Positioning Using CAS
Considerable variation in screw insertion precision is
evident in reports of CAS use in human surgery.22,23,31,38–
51 Positional errors range from 0.1mm for deviation and
0.11 rotational error23 to 61 rotational error46 and devi-
ation of 4.5mm.49 Gaultier et al51 using the same system
(Medivision) for ﬁxation of the human sacroiliac had a
mean translational error of 2.7mm (range, 0.4–6.3mm)
for entry points, 3.5mm (range, 0.2–8.2mm) for target
points, and a mean angular deviation of 21 (range, 0.4–
3.91), results similar to ours. For the combination of the
SurgiGATE 2.1 program and the SIREMOBIL Iso C3d,
Fig 5. Gross specimens after exungulation. The artiﬁcial fracture created in each of the 4 specimens depict a wide variety. The top
2 consist of 1 main fragment, whereas in the bottom 2 in each, a small piece of bone is missing (multifragment fractures). (A) good
ﬁxation of an incomplete fracture with the COS technique; (B) good ﬁxation of a complete fracture with the CAS technique; (C)
poor result with the COS technique (excessive countersinking and excessively long screw penetrating the hoof wall, a lag effect was
present but the proximal fragment fell out); (D) the worst result of the CAS technique groups (the palmarodorsal screw only
partially penetrated the fragment but crossed the main fracture plane at about a right angle; the proximal fragment fell out). CAS,
computer-assisted surgery; COS, conventional osteosynthesis.
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a system speciﬁc error  1.2mm has been determined
with consistent reproducibility.22 Errors of 1.74mm
27,29,32 in combination with 2mm segments and 0.7mm
in combination with 1mm segments have been pub-
lished29 with use of a CT unit. Despite the fact that our
clinical results are promising and our precision analysis
proved to be within the range of already published data
from human surgery,22,23,31,38–51 we had expected a better
outcome.
Conformity to virtual reality is the basic precision re-
quirement of CAS. Deviation in the distance of 2.20m
between DRB and camera implies loss of precision.52
Registration and veriﬁcation of an awl equipped with
LEDs placed on a location, which can be recognized on
the computer monitor in the 3 orthogonal planes is one of
the most important steps assuring precision.34 After ex-
changing drill bits, etc. veriﬁcation of every new instru-
ment has to be completed to ensure calibration and
frequent repetition of the localization process is recom-
mended during surgery.
One of the largest contributors to relative inaccuracy is
the anatomic location for screw insertion. In this loca-
tion, especially when the screws were inserted in a pal-
maro/plantarodorsal direction, minute deviation from
the preplanned location resulted in considerable error
because of the pointed shape of the palmar/plantar pro-
cess of the distal phalanx. Furthermore, countersinking
resulted in accessory deviations between the preplanned
and actual entry points, which partially explains the less
than expected precision. Selection of the diagnostic imag-
ing system associated with the navigation system also has
an important role in precision of screw placement. For
example, reported frequencies for screw misplacement in
human spine, pelvis, and long bones with different imag-
ing techniques were22: COS 10.3%, CAS in combination
with CT 4.5%, CAS in combination with 2D ﬂuoroscopy
2.8%, and CAS in combination with the SIREMOBIL
Iso C3d 0.9%.
Surgical skills and experience of the surgeon were also
considered important factors.34 CAS is working in a way
that an LED positioned on the top of the drill transfers
the drill bit into a virtual world on the computer screen.
The SurgiGATE software projects the drill bit parallel to
the axis of the drill. If the drill bit is not solidly ﬁxed
inside the drill chuck discrepancies can occur. We used a
quick coupling system (Synthes Inc., Solothurn, Switzer-
land) which allows minimal movement between the drill
bit and drill. This movement is not transferred to the
computer screen resulting in a mismatch of conformity
between virtual and real world.
Table 2. Differences Between Preplanned and Actual Screw Location
Screw Direction Limb
Number
Deviation
(degrees)
Difference—Planned
and Actual Entry Point (mm)
Difference—Planned
and Actual Exit Point (mm)
Volume
Ratio (%)
Dorsopalmar/plantar
1 2.2 2.6 5.6 8.2
2 1.2 3.3 4.3 7.7
3 w w w w
4 0.5 0.9 1.5 64.2
5 1.2 2.3 2.7 33.7
6 1.0 4.7 4.6 0
7 1.5 4.7 4.3 0.7
8 w w w w
Palmaro/plantarodorsal
9 w w w w
10 1.3 3.5 2.7 21.2
11 1.2 1.8 1.5 60.0
12 0.4 3.3 3.1 17.0
13 0.8 4.6 4.8 0
14 1.7 2.1 0.4 67.1
15 2.0 3.0 1.1 43.1
16 w w w w
Mean 1.3 3.1 3.1 26.9
Difference between volume shared by the planned and the actual trajectories and the sum of the volumes of both trajectories.
wBecause of data recording error, these limbs could not be included in the analysis.
Table 3. Preferred Screw Direction: Palmaro-/Plantarodorsal Versus
Dorsopalmar/-Plantar
Criterion Considered
Subdivision
Torque
(Student t-Test)
Clinical Assessment
of Screw Position
(Fisher’s Exact Test)
CAS P¼ .3 P¼ .47
COS P¼ .12 P¼ .57
CAS, computer-assisted surgery; COS, conventional osteosynthesis.
39ROSSOL ET AL
Pressure applied during drilling may lead to minimal
bending of the drill bit, which in itself may cause dis-
crepancies in real time navigation.35,53 Bending of the
drill bit occurs more frequently if long narrow bits are
used and if adjustments in alignment are forced after
penetrating the bone, especially if the drill guide is not
adjusted parallel with the drill bit. A bent drill bit cannot
be displayed virtually which again leads to a mismatch
between virtual and real world. Two possible solutions
are use of additional LEDs directly applied to the drill
guide or more rigid connection of the drill bit to the drill.
To achieve the lag screw principle, it is important that
the screw cross the fracture plane in a perpendicular
manner. If this cannot be achieved, tightening of the
screw leads to fragment displacement, which results in
step formation of the joint surface.
Perpendicular crossing of the fracture plane requires
opening of the hoof capsule, which, when following the
distal phalanx in a tangential way, causes additional pre-
cision problems. A 10mm diameter, sharpened steel drill
bit was used to open the hoof capsule. Exact veriﬁcation
of such an object is difﬁcult because of its size and sur-
face. The tangential approach to the convex hoof capsule
surface makes concentric drilling nearly impossible. Sim-
ilar to previous reports, the DRB was ﬁxed to the hoof
capsule.21,53 It can be assumed that the suspensory system
of the distal phalanx is solid and prevents any relative
movement between the capsule and the distal phalanx.
Our study clearly shows that improved precision can
be achieved with CAS compared with COS; however,
application of CAS to an abaxial fracture of the distal
phalanx is not without risk and precaution to avoid in-
advertent penetration of the joint must still be taken. Our
results in the distal phalanx suggest that similar precision
may be possible for osteosynthesis of the navicular bone53
or spine.
Preferable Screw Direction
We had anticipated that the dorsopalmar/plantar di-
rection would provide better results because of the in-
creased bone-screw head contact surface after
countersinking; however, analysis did not reveal a sig-
niﬁcant difference between screw directions (Table 3).
Use of the palmaro-/plantarodorsal screw direction, al-
lows increased length of the thread-hole which leads to
higher torque levels. Additionally, the thread-hole is po-
sitioned in bone of higher density enabling better screw
purchase. The palmar/plantar processes of the distal pha-
lanx causes difﬁculties in avoiding excessive countersink-
ing and in offering sufﬁcient resistance to the screw head.
Clinically, this may lead to higher dynamic forces on the
screw head with a smaller contact area with the sur-
rounding bone, potentially resulting in bone lysis around
the implant. Contacting the small bone surface at the
palmar/plantar process of the distal phalanx with the drill
bit requires a high level of surgical skill. Despite the lack
of signiﬁcant difference between the 2 screw directions the
dorsopalmar/-plantar screw direction is preferred because
of the mechanically preferred position of the screw head
on the dorsolateral/-medial aspect of the distal phalanx.
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